We intended to explore the effect of level of frailty on, and relationship with, 1-, 3-, and 6-month postoperative emergency department visits, readmissions, and mortality. This is a prospective multicenter observational cohort study design. Patients aged 50 years or older treated for hip fracture (n = 245) were taken from Orthopedic wards in one medical center (n = 131) and one district hospital (n = 114) in Changhua County, Taiwan. Frailty was defined as measured by the validated Clinical Frailty Scale and categorized as robust, pre-frail, and frail. We used Kaplan-Meier analysis to estimate survival rates and Cox regression to estimate the risk of frailty associated with adverse outcomes. To examine the longitudinal associations between frailty and adverse outcome, the cross-lagged models were explored. Of the 245 patients, 55 (22.4%) were classified as frail, 113 (46.1%) as pre-frail, and 77 (31.4%) as robust. More cumulative events occurred for frail than for robust patients for each adverse outcome. Frailty has long-term effect on each adverse outcome after discharge, rather than the effect simultaneously. Targeting pre-frailty and frailty is essential for prevent adverse outcomes and improving the overall health of older adults after discharge for hip fracture.
most studies have focused exclusively on patients with severe frailty 8, 13 , and outcomes for patients at early frailty stages (pre-frailty) remain unclear. This study examined frailty and pre-frailty statuses in predicting hip fracture outcomes to understand the magnitude of adverse events associated with different stages of frailty.
Among all health care challenges, the impact of frailty on health and health care outcomes is of great importance, while the nature and temporality of the relationship between frailty and adverse outcome (e.g. mortality, first readmission, emergency department visit) remain elusive, and no study has examined their temporal relationships after hip fracture. We therefore developed a model that situates adverse outcomes after hip fracture at the intersection of an individual's frailty state and risk factors. We hypothesized that: 1) frailty and adverse outcome would be strongly associated throughout the 6 months post-hip fractur surgery; and 2) the previous frailty state would be the stronger contributor to sequent frailty and adverse outcomes. To test the hypothesis, the study aimed to evaluate the magnitude of adverse outcomes at different frailty levels at 1-, 3-and 6-months post-hip fracture using a survival analysis; to examine long-term relationships between frailty and each adverse outcome at 1-, 3-and 6-months post-hip fracture using a cross-lagged panel analysis structural equation model (SEM), which examines the structural relationships of repeatedly measured constructs.
Methods
Data collection and follow-up. This was an observational cohort study with observation periods from 2017 to 2018 at the department of orthopedics at one medical center and one regional hospital in central Taiwan. This study has adopted a convenience sampling approach (non-probability sampling). We chose the studying hospitals because they are in the same medical service area and are in the umbrella of our health system which enable us to collect the clinical information and complete the follow-up surveys. Only hip fracture patients (ICD-10-CM S72.0* S79.0*) who underwent surgical treatment for hip fracture between January 2017 and January 2018 were enrolled (n = 277). We excluded patients aged younger than 50 years, with poor cognitive function, whose injury was not caused by low-energy trauma, who had primary or secondary tumor-related fractures, who were wheelchair restrained or permanently bedridden before fracture, who died preoperatively, whose information was incorrect or incomplete in the electronic medical record (EMR), or who were lost to follow-up.
The study group consisted of 166 women and 79 men with a mean age of 78 (range, 53-97) years at the time of surgery. In total, the preoperative diagnosis was femoral neck fracture (non-displaced) for 14 (5.7%), femoral neck fracture (displaced) for 100 (40.8%), intertrochanteric fracture for 103 (42.0%), and subtrochanteric fracture for 28 (11.4%) patients. Osteosynthesis was performed for 140 (57.1%) fractures using percutaneous cannulated screws (14 fractures), sliding hip screws (14 fractures), or an intra-medullary nail (proximal femoral nail, 112 fractures). Bipolar hemiarthroplasty was performed for 105 fractures (42.9%). Non-clinical information was collected from the patient (when cognitive performance was intact) or from a caregiver as proxy.
Patient clinical information was obtained from the hospital's EMR system by experienced charters. This study protocol was approved by Human Research Protection Program of Changhua Christian Hospital and adhered to the principles of the Declaration of Helsinki. Informed consent was obtained from all participants. The study was approved by the Changhua Christian Hospital institutional review board (IRB No:160703).
Outcome variables. One-, 3-, and 6-month outcomes, including mortality, emergency department visits, and readmissions, were the main outcome variables. All-cause mortality was defined as the primary outcome. Readmission and emergency department visits were defined as patients admitted to participating hospitals or emergency departments (ED) due to postoperative complications (such as a wound infection, delirium, pneumonia, heart failure and pressure ulcers) [16] [17] [18] , unplanned readmission within 6 months after discharge. All outcomes data during the 180-day follow-up period were confirmed by the EMR system.
Assessment of frailty. We assessed frailty using the Chinese-Canadian Study of Health and Aging Clinical
Frailty Scale (CSHA-CFS), validated in previous studies 19, 20 . The index is simple and easy to use, predicting health and aging through rapid screening for potentially frail older adults. The frailty scale scores ranged from 1 (very fit) to 7 (severely frail). Each level is defined as follows: Level 1: very fit and robustly active; Level 2: well without significant disease complications; Level 3: well with controlled disease; Level 4: no obvious dependency, but vulnerable; Level 5: mildly frail, with limitations in instrumental activities of daily living (IADLs); Level 6: moderately frail and requiring assistance for ADLs and IADLs; Level 7; severely frail and completely dependent on others for ADLs. Baseline frailty was surveyed by face-to-face interview, and patients were assessed for preoperative frailty before discharge. Based on the CHS phenotypic definition of frailty 21 , frailty status was categorized as robust (Levels 1-3), pre-frail (Levels 4-5), and frail (Levels 6-7).
Other covariates. Age, sex, marital status, cognitive function, body mass index (BMI) 22 , comorbid conditions, Charlson Comorbidity Index (CCI) 23 , fracture type, implant type applied during surgery, preoperative time to surgery, and total length of postoperative hospital days were covariates at the analyses.
Statistical analysis.
Descriptive analyses (mean, SD, and percentage) were conducted for demographic and clinical data to characterize the sample. A correlation matrix was run to assess relationships between all indicator variables (frailty and adverse outcomes at 1-, 3-and 6-months post-hip fracture surgery) prior to model creation. Relation status between categorical variables was assessed using the chi-square test. The two-sample t-test was implemented to compare independent variables. The survival analysis was adopted to estimate mortality, readmissions, and emergency department (ED) visits admission rates after surgery for hip fracture. Overall survival rates were estimated using Kaplan-Meier (K-M) analysis. The log-rank test and multivariate Cox proportional hazards model were applied to estimate the effects of risk factors on survival time.
To examine the longitudinal associations between frailty and adverse outcomes, the cross-lagged models were explored based on structural equation modeling (SEM) 24 . SEM allows for multiple relationships to be analyzed simultaneously, allowing the user to build more complex statistical models rather than running several linear regressions. The cross-lagged design comprises two or more variables at two or more time points. It yields three types of effects: synchronous associations (correlations between different variables measured at the same time), stability effects (correlations between the same variable measured at different times), and cross-lagged effects. The relative strengths of longitudinal relationships can be determined through comparison of standardized betas.
To deal with missing cases, we used imputation process of the maximum likelihood estimation in the variables of interest. Thus, we carried out the statistical analyses with 245 patients at 3 time points of the study. The maximum likelihood estimation is probably the most pragmatic missing data estimation approach for SEM. It has shown evidences of unbiased parameter estimates and standard errors for data missing at random and data missing completely at random 25 . The model fit was evaluated using several indices: the comparative fit index (CFI), the root means square error of approximation (RMSEA), the Tucker-Lewis Index (TLI), and the Normed Fit Index (NFI). Values of CFI ≧ 0.90, TLI ≧ 0.90 RMSEA < 0.08 are assumed to be indicative of a good-fitting model, as recommended by Hu and Bentler 26 and McDonald 27 . IBM SPSS Statistics for Windows and AMOS, version 22.0 (IBM Corporation., Armonk, NY, USA) was used to analyze the results. The level of significance was set at P < 0.05. Table 1 summarizes the clinical characteristics of patients by frailty status. Frailty level does not significantly differ between the two research hospitals. Prevalence of pre-frailty and frailty was much higher for women than for men. Overall, frail patients were significantly older, with lower BMI and worse cognitive functioning than pre-frail or robust patients. Marital status, fracture type, and implant type did not differ significantly by frailty group. Comparisons of cognitive functioning in the past year showed an increasing trend with frailty levels. Frail elderly patients had the highest CCI scores, followed by robust and pre-frail subjects. Comparisons of time to surgery and postoperative hospital stay showed no statistical differences between patients by frailty status.
Results
The three time points were 1, 3 and 6 months all-cause mortality, all-cause hospital readmission, and all-cause ED visits after surgery. Figure 1 outlines the proportions of patients classified as robust, pre-frail, and frail according to each outcome at 1, 3, and 6 months. All-cause mortality and readmission rates in frail patients increased over time, with a peak period of six months after surgery. Conversely, pre-frail patients returned to hospital for emergency and readmission rates are higher within one month after surgery. Surprisingly, the deterioration of the robust group occurred intensively within three months after surgery. The cumulative survival rates of the frailty groups were statistically significant different from the other groups according to the K-M curve (P < 0.05 by log-rank test), especially for higher mortality and readmission ( Fig. 2 ). Six months after discharge, the survival curves for frail, pre-frail, and robust patients differed; cumulative survival rates for frail and pre-frail patients were significantly lower than rates for robust patients. The magnitude of difference was greater for mortality and readmission. Overall, cumulative survival curves for frail and pre-frail patients for mortality, readmission, and ED visits showed decreasing trajectories over time. Table 2 shows the risk of adverse outcomes after hip fracture associated with frailty and pre-frailty at different time points. After adjustment, compared with the robust group, the frail patients had a higher risk of 6-month mortality and readmission, and the pre-frail patients had a higher risk of 3-month readmission and 1-month ED visits ( Table 2 ). For mortality, hazard ratios (HRs) for frail patients ranged from 4.9 (in Model 1), 4.8 (in Model 2) to 4.6 (in Model 3) times higher than robust patients, 6-month after discharge. Although the mortality rate in the robust group was higher at the first 3-month after surgery than in the either frail or pre-frail group, there was no significant difference between the two groups after adjustment by different models. For readmission, HRs for pre-frail patients were 3.16 (M1), 3.37 (Model 2) to 3.06 (M3) times higher than for robust group 3 months after discharge; HRs were 4.31(Model 1) to 4.38 (Model 2) times higher for frail patients 6 months after discharge. In addition, pre-frail patients were 8.48 (Model 1), 8.91 (Model 2) to 8.99 (Model 3) times more likely to have ED visits 1 month after discharge; HRs for pre-frail were 2.85 (Model 1) to 2.86 (Model 2) times higher 3 months after discharge. The results revealed that both frailty and pre-frailty were significant risk factors for adverse outcomes.
Notably, age, marital status, education, cognitive status, BMI, CCI, fracture site and cause did not significantly differ between two research hospitals (data not shown). Differences in preoperative diagnosis and osteosynthesis performance were found, as a matter of fact, we included provider's attribute and clinical practice as covariates for model testing; however, none of them was significantly associated any adverse outcome. Therefore, we removed these covariates from the final models.
The standardized regression coefficients from the reciprocal models are shown in Fig. 3 , with adjustment for covariates. Figure 3 (a-c) presents a final path diagram for frailty status and each adverse outcome. In Fig. 3a , the six solid-line pathways (four lag effects with horizontal arrows and two cross-lagged effects with diagonal arrows) represent significant longitudinal relationships between frailty and mortality. In Fig. 3b , the five solid-line pathways (four lag effects with horizontal arrows and one cross-lagged effect with diagonal arrow) represent significant longitudinal relationships between frailty and first readmission. In Fig. 3c , the six solid-line pathways (four lag effects with horizontal arrows and two cross-lagged effects with diagonal arrows) represent significant longitudinal relationships between frailty and ED visits.
Specifically, in longitudinal relationships, lag effects were found among all three models suggesting that frailty status at each time point predicts future status, this was also found in all health outcomes. Furthermore, the results support that the directions of these cross-lagged paths could be reciprocal. For example (Fig. 3c) , patients with frailty at the time of 3 months (3 M) after discharge were more likely to experience in ED visits at 6 months (6 M) after discharge (0.07), on the other hand, patients with ED visits after 3 M discharge were more likely to experience deteriorations in frailty at 6 M after hospital discharge (0.13), and the relationships are indeed correlational in nature. The correlations between cross-sectional variables (e.g. Frailty 3 M ↔ mortality 3 M) were not found in the final path models, suggesting that frailty has long-term effect on adverse outcome after discharge, rather than the effect simultaneously. Collectively, these findings suggest a longitudinal relationship among frailty and mortality, first readmission and ED visits within 12 months post-discharge. 
Discussion
In the present study, we proposed a theoretical pathway in which frailty status is a well-known correlate of adverse outcome after hospital discharge, influenced mortality, first readmission, and ED visits for hip fracture older patients. Our findings indicate that older hip fracture patients' health following hospital discharge is a complex process, frailty status and different adverse outcomes often temporally influencing each other. The main findings were: (1) the cumulative survival curves for frailty for each outcome showed decreasing trajectories; (2) frailty and each adverse outcome show lagged effects on subsequent measures in the same domain; (3) effects of previous frailty on subsequent adverse outcome and vice versa further suggest a reciprocal interrelationship; (4) frail patients were more likely than robust patients to die within 6 months after discharge; (5) pre-frail patients were more likely than robust patients to have early ED visits (1 month) and readmissions (3 months) . The longitudinal relationships between variables (i.e. all solid lines) are substantiated in the models, and that detecting frailty status can help to prevent adverse outcome in the post-discharge phase.
In fact, awareness of frailty may cause adverse health outcome as nature reactions to population ageing. Frailty has been reported to be associated with short-term mortality 28 , our study indicates that older patients with frailty tend to have higher risk of 6-month mortality than those with pre-frail, which accounted for 47% of total deaths. In addition, frailty defined by CSHA-CFS was associated with a more than fourfold increase in 6-month mortality, which was comparable with a study of frailty defined by the Reported Edmonton Frail Scale (REFS) in older hospitalized patients 29 , suggest that CSHA-CFS is suitable for screening frailty and predicting mortality in acute care. A screening test for frailty, using a measure of frailty that is routinely available, has the potential to allow appropriate intervention and tailored treatment and finally can help prevent adverse outcomes.
Furthermore, frailty was associated with an increased risk of hospital readmission 30 . Our study found that the most common cause of readmission was respiratory disease among elderly trauma patients 14, 31 , indicating that frail patients were more likely to develop pulmonary complications than non-frail patients. Also, the higher percentage of pneumonia (23%) observed in this group might be related to increased incidence of readmission events. As deteriorated frailty status may be an early sign rather than a risk factor for adverse outcome, the temporal relation between frailty and first readmission in older patients needs to be further tested.
Few studies have addressed ED visits following hip fracture surgery, although it is recognized as a quality matter. Emergency department (ED) visits for urinary tract infections (UTI) are common among the hip fracture patients [32] [33] [34] . Higher rates of pre-frailty were observed in clinical patients 35 , which was also confirmed by our study. The findings may actually reflect the association between the pre-frailty and the incident of the ED visits, as postoperative UTI (or fever) and the use of ER strongly related to each other. Therefore, for pre-frail patients, close observation is needed during postoperative hospitalization, as is a plan for follow-up after discharge.
Nevertheless, the presence of adverse heath outcome after discharge may negatively impact older patients' subsequent frailty status. The inappropriate readmissions and unnecessarily long periods in hospital can be harmful and may mean that the elderly have deteriorated to a point where they can no longer return home. A study found that mortality increased by 43% after 10 days of admission due to an overcrowded ED 36 . Treating prior condition might improve another condition, early detecting frailty might improve health outcome so targeting this bidirectional link with an intervention along with necessary therapy might not only more effectively treat frailty symptoms but also improve overall function in older adults following an acute care for medical and surgical services. The weak effect of frailty on adverse outcome might be due to the small number of event cases. Since SEM is a large sample approach 37 , the small number of events (adverse outcomes) probably may lower the power of model fit. www.nature.com/scientificreports www.nature.com/scientificreports/ There is currently no consensus regarding the best predictive markers for postoperative mortality and readmission after surgery in older hip patients. Although both the Charlson comorbidity index (CCI) 38, 39 and the frailty 29, 40 are known to be risk factors for postoperative outcomes, it is unclear which factor has a stronger predictive power for different outcomes. Our study found that increased CCI was associated with higher readmission and emergency rates after 1-, 3-, 6-months hip fracture surgery (data not shown). However, frailty is associated with higher mortality rates after 6 months of hip fracture surgery. Although the frailty was not designed to predict perioperative mortality in surgical cohorts, it may correlate with a greater risk than CCI for perioperative death in the elderly and need to pay more attention.
A major strength of our study is that it examined the course of mortality, first readmission, ED visits and their interrelationships with frailty status, adjusted for important covariates, in older patients with hip fracture from acute hospitalization to 6 months afterward. Although this was a prospective cohort study with objective assessment of adverse outcomes by observers of patient frailty status, it has some limitations. First, the frailty assessment was based on the patient's or caregiver's subjective impression of premorbid functioning. Information obtained from caregivers might not be an accurate assessment of individual patient responses. Second, our findings are representative of data from two institutions in the same county and may not generalize to other geographical areas. Third, although the potential associated factors were examined, the effects of non-observable factors (e.g. caregiver issue) cannot tested, which might improve the prediction of analytical modeling. Fourth, our categorization and identification of frailty status were based on CSHA-CFS, but not diagnostic interviews; this limitation was assumed to be is minimized by the widespread use of the frailty screening instrument to reliably measure frailty status 19 . Fifth, different clinical practice by hospitals could be explained by the global budget program and case payment system employed in Taiwan National Health Insurance. These payment changes may contribute to the different surgery types we observed, for example, physicians' practices and responses to hospital payment change may vary among different diagnosis-related groups-based reimbursements (DRGs). To reduce the variation, we included provider's attribute and clinical practice as covariates for model testing and removed those not significant covariates from the final models to improve the model. Lastly, the small effect sizes in the final model could be due to the small number of adverse outcomes, whereas a smaller effect size would require larger sample sizes, it is therefore required to determine more appropriate sample sizes for future research studies.
conclusions
In summary, we have demonstrated that longitudinal relationship between frailty and postoperative adverse outcomes. Frail patients experienced more short-term mortality, while pre-frailty was more strongly associated with early emergency department visits and hospital readmission. The fact that significant deterioration of adverse outcomes prediction was observed for short term prediction periods suggests that the predictive value of frailty and outcomes severity is dependent on the time frame for which the prediction is made. Frailty may have prognostic value in a shorter period of time, because frailty is a symptom that can change with aging, and short-term www.nature.com/scientificreports www.nature.com/scientificreports/ forecasts may be more valuable in clinical practice. Shared decision making for the planning of post-acute care decisions with caregivers and elderly frail and pre-frail surgical patients with hip fracture is necessary for enhance quality of care. In addition, a clinically usable frailty assessment instrument may have important in the prognostic counseling and care planning among older adults with hip fracture. Study highlights the importance of considering the length of the prediction period and the stability of the predictor over time when constructing a prognostic model. Lastly, the study also implies that operational criteria defining the frailty phenotype could increase its predictive validity with regard to short term adverse outcomes. Targeting the long-term relationship of frailty and adverse outcome may maximize treatment success for health outcome afterward and potentially improve older patients' quality of life. As frailty is potentially reversible, and research in this direction might provide evidence-based guidance to prevent early emergency visit, readmission, and deaths.
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Figure 3.
A pathway model of the effects of frailty on adverse outcome (mortality, first readmission, and ED visits) with time-constant predictors. Notes:1. Pathway models adjusted for age, sex, cognitive function, CCI, and BMI. 2. Single-headed arrows display hypothesized directional relationship. All of the paths were estimated. After controlling for covariates, some paths became nonsignificant and were presented as the dotted lines. The 17 solid-line pathways represent significant effects with standardized regression coefficients along the paths. 3. These models had satisfactory model fit in terms of values of CFI, TLI, and RMSEA.
